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PREFACE 
The Food and A g r i c u l t u r e  Program o f  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  
App l i ed  Systems A n a l y s i s  has been deve lop ing ,  as i t s  ma jo r  t ask ,  a  g l o b a l  
system o f  n a t i o n a l  food  and a g r i c u l t u r e  models l i n k e d  i n  a  genera l  e q u i l i -  
br ium framework. The main o b j e c t i v e  i s  t o  analyze,  over a  15- t o  20-year 
hor i zon ,  t h e  impact o f  n a t i o n a l  domest ic  and t r a d e  p o l i c i e s  and o f  i n t e r -  
n a t i o n a l  agreements on t h e  d i s t r i b u t i o n  o f  food  and hunger i n  t h e  w o r l d  and 
on t h e  pace of development i n  t h e  LDCs. The Un i t ed  S ta tes ,  as a  ma jo r  
e x p o r t e r  o f  food  and feed  g r a i n s ,  i s  a  key l i n k  i n  t h e  system. I t  can, th rough  
i t s  a i d ,  t r a d e  and domest ic food  p o l i c i e s ,  have a  ma jo r  i n f l u e n c e ,  b o t h  
i n t e n t i o n a l  and u n i n t e n t i o n a l ,  on t h e  w o r l d  food s i t u a t i o n .  M ich igan  S t a t e  
U n i v e r s i t y  (MSU) i s  c o l l a b o r a t i n g  w i t h  IIASAIFAP and t h e  USDA i n  t h e  develop- 
ment of s i r r ~ p l i f i e d  and d e t a i l e d  models o f  U.S. f ood  and a g r i c u l t u r e  f o r  
l i n k a g e  i n  t h e  FAP g l o b a l  system. 
Th i s  work ing  paper p resen ts  some rough notes d e s c r i b i n g  t h e  demand s i d e  
o f  t h e  p r e l i m i n a r y  v e r s i o n  o f  t h e  s i m p l i f i e d  U.S. model. The supp ly  s i d e  i s  
based on t h e  domest ic  supp ly  component o f  t h e  MSU Ag Model, which has been 
under development a t  MSU f o r  severa l  y e a r s  on a  g r a n t  f rom t h e  John Deere 
Corpora t ion  and o t h e r  c o n t r a c t  r esea rch  suppor t .  D e t a i l e d  documentat ion of 
t h a t  model i s  i n  p r e p a r a t i o n  a t  MSU; t h i s  paper 1  i m i t s  i t s  scope t o  t he  
demand and p r i c e  components developed f o r  l i n k a g e  t o  I IASA 's  system. The 
model presented here  i s  p r e l i m i n a r y  i n  t h e  sense t h a t  a  g r e a t  deal  more 
t e s t i n g  and re f i nemen t  a r e  necessary i n  t h e  con tex t  o f  t h e  g l o b a l  system t o  
enhance i t s  usefulness. 
The ma jo r  c o n t r i b u t o r s  t o  t h e  s i m p l i f i e d  U.S. model a r e  Michael  Abkin,  
Donald M i t c h e l l ,  E r i c  Wai les and C h r i s  Wolf  o f  MSU, and David  Watt o f  USDA. 
Dan Kauffman, Tracy M i l l e r  and Dave Z e i t l e r  have c o n t r i b u t e d  a t  v a r i o u s  
stages o f  da ta  c o l l e c t i o n  and parameter es t ima t i on ,  and o t h e r s  c o n t r i b u t i n g  
t o  t he  MSU Ag Model ove r  t h e  yea rs  a r e  too numerous t o  ment ion  here. 
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THE SIMPLIFIED U.S.  MODEL ( P ~ L I M I N A R Y  VERSION) 
FOR THE I I A S A / F A P  GLOBAL SYSTEM O F  FOOD AND 
AGRICULTURE MODELS: DOMESTIC U T I L I Z A T I O N  AND P R I C E S  
M.H. A b k i n  
T o t a l  u t i l i z a t i o n  o f  each commodity i n c l u d e s  expo r t s ,  i f  any, and severa l  
components of domest ic  disappearance. Expo r t s  ( a c t u a l l y  n e t  i m p o r t s )  a r e  
determined as a r e s i d u a l  o f  domest ic  supp l y  o v e r  demand i n  t h e  s imul taneous 
n a t i o n a l - i n t e r n a t i o n a l  exchange model o f  I I A S A ' s  l i n k a g e  system c o n s i s t e n t  
w i t h  w o r l d  p r i ces ,  domest ic  p r i c e ,  quo ta  and s t o c k  p o l i c i e s :  and assumed 
i n t e r n a t i o n a l  agreements. Domestic u t i l i z a t i o n  i nc l udes  seed, l osses ,  feed, 
nonfood i n d u s t r i a l  uses, government consumption, s tocks  and human consumption. 
Feed demand i s  d iscussed  elsewhere w i t h  t h e  supp l y  s i d e  o f  t h e  model, which 
i s  based on t h e  MSU A g r i c u l t u r e  model; p r i c e s  and t h e  o t h e r  col.l.~ponents o f  
demand wi 11 be desc r i bed  here. 
Commodities and U n i t s  
The t h i r t y  commodit ies o f  supp l y  a r e  aggregated t o  twen ty  commodit ies 
f o r  u t i l i z a t i o n  purposes, and these  a r e  f u r t h e r  aggregated t o  I I A S A ' s  t e n  
commodit ies f o r  t h e  i n t e r n a t i o n a l  1 inkage.  Tab1 e 1 shows t h e  commodity 
correspondences and u n i t s  used i n  t h e  model. 
There remain a few r e l a t i v e l y  m i  n o r  i n c o n s i  s t enc ies  between t h e  commodity 
d e f i n i t i o n s  o f  t h i s  p r e l i m i n a r y  v e r s i o n  o f  t h e  U.S. simp1 i f i e d  model and those 
o f  t h e  i n t e r n a t i o n a l  system. These w i l l  be r e s o l v e d  i n  t h e  " f i n a l  "l v e r s i o n  
as t h e  i n t e r n a t i o n a l  commodity l i s t  f o r  t h e  s i m p l i f i e d  system i s  expanded t o  
l ~ h e  word " f i n a l  " i s  i n  quotes because no model, i f  i t  i s  t o  remain 
u s e f u l ,  can w e r  have a f i n a l  v e r s i o n .  
t h e  19  coinmodit ies o f  t h e  d e t a i l e d  model system i n  o r d e r  t o  conduct  ana lyses  
u s i n g  b o t h  simp1 i f i e d  and d e t a i l e d  models. The c u r r e n t  i n c o n s i s t e n c i e s  a re :  
. . 
1  . a1 coho1 i c  beverage'  consunipt ion shoul  d  be i n c l u d e d  i n  t h e  " o t h e r  
foods"  ca tego ry ,  whereas t h e  model c u r r e n t l y  i n c l u d e s  i t  i n  aggre- 
ga te  consumption o f  t h e  p r i m a r y  i n g r e d i e n t s  (e.g. , wheat, coa rse  
g r a i n s ,  f r u i t ,  e t c .  ) ; 
2. use o f  sweeteners d e r i v e d  f r om c o r n  s h o u l d  be i n c l u d e d  w i t h  sugar  
i n  " o t h e r  foods"  i n s t e a d  of  i t s  c u r r e n t  accoun t i ng  i n  "coarse  g ra i ns ; "  
3. " co f f ee ,  tea ,  cocoa" c u r r e n t l y  i n c l u d e s  o n l y  c o f f e e ;  and 
4. a  few m isce l  l aneous  i terns, such as f l o w e r s  and h i des  and s k i n s ,  a r e  
n o t  y e t  accounted f o r  i n  "nonfood a g r i c u l t u r e ; "  1  i kewise f o r  
m isce l laneous  c rops ,  such as r ye .  
Seed and Losses, and I n d u s t r i a l  and Government Consumption 
Seed r a t e s  p e r  a c r e  a r e  assumed f o r  wheat, r i c e ,  t h e  f o u r  coa rse  g r a i n s ,  
po ta toes ,  d r y  beans, soybeans (accounted t o  f a t s  and o i l s ,  and p r o t e i n  f eeds )  
and c o t t o n  (accounted t o  p r o t e i n  feeds).  Losses due t o  waste, s p o i l a g e ,  
i n s e c t s ,  e t c . ,  i n  farm and marke t  s to rage ,  p r o c e s s i n g  and d i s t r i b u t i o n  
a c t i v i t i e s  a r e  modeled as p r o p o r t i o n s  of annual  p r o d u c t i o n .  I n  a d d i t i o n ,  m i l k  
f e d  t o  ca lves ,  as a  p r o p o r t i o n  o f  m i l k  p r o d u c t i o n ,  i s  cons idered  a  f e e d  use 
o f  m i l k ,  and eggs used f o r  h a t c h i n g  i s  cons ide red  a  seed use o f  eggs. 
The seed  and l o s s  r a t e s  used a r e  shown i n  T a b l e  2 .  
A general  Cobb-Douglas f u n c t i o n a l  f o rm  i s  p o s t u l a t e d  f o r  t h e  honfood 
indus t r i  a1 consumpti on o f  each f o o d  comrnodi t y  
CPRICEi ( t )  
(1  ) DEMIND~ ( t )  = ai (CPRICEZO(t )) " ( 1  OD0 
/ 
where 
DEIII :!Di = i n d u s t r i a l  denland f o r  commodity i ( t h  MT) 
CPRICEi = consumer p r i c e  o f  commodity i (.$/ lb) 
CPRICEZ0 = n o n a g r i c u l  t u r a l  consumer p r i c e  i n d e x  (1 967=1.00) 
DUMSUPZ0 = n o n a g r i c u l  t u r a l  p r o d u c t i o n  ( m i .  1967 do1 l a r s )  
ai, Bi, a i = parameters  o f  t h e  f u n c t i o n  
A  p r e l i m i n a r y  d a t a  search  f o r  t h i s  v e r s i o n  o f  t h e  model y i e l d e d  da ta  on non- 
food  use o f  o n l y  two food commodi t ies :  f a t s  and o i l s ,  and f i s h .  Zero i n d u s -  
t r i a l  consumption i s  assumed f o r  t h e  o t h e r  f o o d  commodit ies;  f u r t h e r  r e s e a r c h  
w i l l  be necessary t o  de te rmine  i f  t h i s  i s  a  reasonable  assumpt ion (e.g., g r a i n s ,  
po ta toes  and sugar  f o r  s t a r c h ,  n o n d r i n k i n g  a l c o h o l ,  e t c .  ) .  
I n d u s t r i a l  demand f o r  t h e  n o n a g r i c u l  t u r a l  comrnodi t y ,  i n  mi 11 i o n  1967 
d o l l a r s ,  i s  i n t e r p r e t e d  as demand f o r  i n t e r m e d i a t e  i n p u t s  and i s  computed 
us i ng  t h e  same two -sec to r  i n p u t - o u t p u t  model used t o  de te rmine  g ross  non- 
a g r i c u l t u r a l  p r o d u c t i o n .  
( 2 )  D E M I N D ~ ~ ( ~ )  = AIOZ1 VA67( t )  + A1022 VN67(t) 
where 
*1°21 = do1 1  a r s  o f  n o n a g r i c u l  t u r a l  i n p u t  p e r  do1 l a r  o f  
s e c t o r  1  o u t p u t  
\/A67 = v a l u e  o f  a g r i c u l t u r a l  p r o d u c t i o n  a t  1967 p r i c e s  
Vi.!67 = v a l u e  o f  n o n a g r i c u l  t u r a l  p r o d u c t i o n  a t  1967 p r i c e s  
Total government consumption expendi tures (e.  g .  , for  the mi 1 i  t a ry ,  
in s t i tu t ions ,  e tc .  ) i s  assumed to be a fixed proportion (namely, 21 percent) 
of GNP. This total  i s  modified in order to  achieve the exogenously specified 
national trade balance (necessary for  consistency wi thin the global system) , 
i f  tha t  balance cannot otherwise be achieved a t  equilibrium prices given 
quota constraints and t a x  r a t e  constraints .  
This total  public expenditure i s  then allocated t o  the individual 
commodities by f i r s t  assuming a proportion goes t o  the nonagricultural 
co~n~ilodity, and then dis tr ibut ing the r e s t  t o  the food commodities in the same 
proportion as lagged private consurrlption expenditures. The data for  food 
consumption used to cal i  brate the human food consumption functions described 
below appears t o  have been derived as a residual in food balance sheet cal cula- 
t ion,  with no d is t inc t ion  between public a n d  private  consumers. Therefore, 
unt i l  th is  question can be resolved or other  data can be found which exp l i c i t ly  
ident i f ies  government consumption of food commodities, a l l  government consump- 
tion i s  assumed to  be of the nonagricul tural commodity. 
Carry-Out Stock Demand 
Stocks are considered in the model f o r  wheat, coarse grains,  milk, soy- 
beans and  peanuts. The o i l  and cake equivalents of soybean a n d  peanut stocks 
are allocated to  f a t s  and o i l s  and protein feeds,  respectively. Milk stocks 
include the fresh milk equivalents of milk products stocks. Coarse grain 
stocks are modeled as an aggregate of corn, sorghum, barley and  oat stocks. 
The modeling of wheat and coarse grains stocks i s  more complicated t h a n  
that  of the other commodities because stocks of these commodities are closely 
related t o  price control policies.  Specif ical ly,  the government will ac t  as 
a '  buyer (or stockpiler) of l a s t  resor t ,  i f  necessary, in order t o  maintain 
a  minimum fa rm  p r i c e  ( o r  " l o a n  r a t e " ) .  A t  t h e  o t h e r  end, i f  fa rm pr: 'ce i s  
r i s i n g  above an upper t a r g e t  ( t h e  " c a l l  p r i c e " ) ,  t h e  government w i l l  c a l l  iil 
loans,  e s s e n t i a l l y  r e q u i r i n g  farmers t o  s e l l  t he  s tocks  t h e y  h o l d  as p a r t  o f  
government programs. I t  should be ment ioned here t h a t  t h i s  v e r s i o n  o f  t h e  
model does n o t  d i s t i n g u i s h  d i f f e r e n t  t ypes  o f  s t ocks ,  such as on- farm s tocks ,  
government bu f fe r  s tocks ,  market  s tocks ,  e t c .  Rather ,  t o t a l  n a t i o n a l  c a r r y -  
o u t  s t ocks  a r e  modeled i n  t he  aggregate.  
S ince  wheat and coarse g r a i n s  s t o c k s  a r e  modeled i d e n t i c a l l y ,  t h e  f o l l o w i n g  
d i s c u s s i o n  a p p l i e s  t o  bo th  commodit ies. The bas i c  hypo thes i s  i s  t h a t  s t ocks  
b u i l d  up as p r i c e s  f a l l  and a r e  d e p l e t e d  as p r i c e s  r i s e .  A  n e g a t i v e  exponen- 
t i a l  f u n c t i o n  i s  assumed t o  rep resen t  t h i s  behav io r  ove r  most o f  t h e  r e l e v a n t  
p r i c e  range ( c u r v e  111 i n  F i g u r e  1  ). F o r  t h e  f u n c t i o n  t o  be homogenous of  
degree zero,  t h e  independent v a r i a b l e  i s  t h e  p r i c e  P o f  t h e  commodity r e l a t i v e  
t o  nonag r i cu l  t u r a l  p r i c e s  P,. A t  t h e  c a l l  p r i c e  PC, s t o c k s  a r e  assumed t o  
have f a 1  l e n  t o  a  minimum, p i p e l i n e  l e v e l  XL below wh ich  t h e y  w i l l  n o t  go even 
i f  t h e  r e l a t i v e  p r i c e  i s  h i g h e r  t han  PC ( cu rve  I V  i n  F i g u r e  1  ) .  
Since  t h e  government i s  assumed t o  be t h e  s t o c k p i  1  e r  o f  1  a s t  r e s o r t ,  t h e  
p r i c e  w i l l  n o t  f a 1  1  below t h e  l o a n  r a t e  PL. (Given t h e  U.S. r o l e  i n  t h e  
w o r l d  marke t  f o r  wheat and coarse g r a i n s ,  t h i s  imp1 i e s  s u p p o r t i n g  t h e  w o r l d  
p r i c e  as we1 1. ) T h i s  would i m p l y  a  v e r t i c a l  , p e r f e c t l y  e l  a s t i c  segment of 
t he  s t o c k  demand cu rve  a t  PL. I n  o r d e r  f o r  s tocks  t o  be a f u n c t i o n  of p r i c e ,  
however, as r e q u i r e d  by t h e  o v e r a l l  model, a  s teep  n e g a t i v e  e x p o n e n t i a l  seg- 
ment ( cu rve  I 1  i n  F i g u r e  1  ) i s  modeled w i t h i n  a  narrow band between PL- 
and PL+ around PL. 
A t  PL+, s tocks a r e  assumed t o  be a t  t h e i r  "normal" maximum XU and a t  
PL- t h e i r  " l o g i c a l "  maximum XU. .The l o g i c a l  maximum i(U, assuming the re  w i l l  
be no impor t s  o f  these conunodities, i s  d e f i n e d  as t o t a l  supply. Y (p roduct ion  
p lus  c a r r y - i  n s tocks )  l ess  a s p e c i f i e d  ~ n i  n murn 1 eve1 o f  domestic u t i  1 i z a t i o n .  
Since stocks cannot l o g i c a l  l y  i nc rease above t h i s  l e v e l  , t h e  demand curve 
( I  i n  F igu re  1 ) i s  p c r f e c l l y  i n e l a s t i c  a 1  p r i c e s  below PL-. However, t h i s  
represents an u n r e a l i s t i c a l l y  h i g h  l e v e l  o f  stocks, so t h a t  t h e  loan r a t e  
should be success fu l l y  supported b e f o r e  reach ing t h i s  l e v e l .  A t  PL+, t h e  
normal maximum XU i s  de f i ned  t o  be 
A Y ( t )  ( 3 )  XU(t)  = m  
where 
Y = t o t a l  supply ( t h  MT) 
X = maximum s tock  as a p r o p o r t i o n  o f  non-stock disappearance 
The parameter A i s  c u r r e n t l y  assumed t o  be 70 percent  f o r  wheat and 60 percent  
f o r  coarse g ra ins .  S i m i l a r l y ,  a t  and above t h e  c a l l  p r i c e  PC, p i p e l i n e  
stocks XL a re  de f ined  t o  be 
( 4 )  X L ( t )  = & Y ( t )  
where p i s  again a proport iot;  o f  non-stock disappearance ( c u r r e n t l y  assumed 
t o  be 1 5  percent  f o r  wheat and 10 pe rcen t  f o r  coarse g r a i n s ) .  
The nega t i ve  exponent ia l  curves I 1  and I 1 1  both have t h e  form, f o r  
s tock l e v e l  X, 
( 5 )  X ( t )  = a e  -6(P(t ) /P,( t )  
- 
Two p o i n t s  on each o f  these curves a re  assumed t o  be known: (PL-, XU) and 
(PL+, XU) f o r  curve 11, and (PL+, XU) and (PC, xL) f o r  curve  111. Therefore,  
the  parameters a and B can be determined as 
f o r  curve 11, and 
. . 
( 7 )  = xu( t )eBPL+ and B - PC 
f o r  curve 111. Thus, t h e  curves a r e  complete ly  s p e c i f i e d  by the  parameters 
x and 11, ~ n d  by Lhc p r i c e  p o ' l i c i e s  PC and PL. I t  i s  i n t e r e s t i n g  t o  no te  
t h a t ,  w i t h  a and B d e f i n e d  as i n  ( 6 )  and (7) ,  t h e  s tock  demand f u n c t i o n s  
reduce t o  t h e  Cobb-Douglas form, f o r  example f o r  curve  111, 
whose exponents, which add to unity, are 
PC - (P/P,) ( P / P n )  - (PL+)  
Y = a n d  6 = 
PC - (PL+)  PC - (PL+)  
For t h i s  ve rs ion  o f  t h e  model, peanut s tocks  a r e  p r o j e c t e d  exogenously, 
whi 1  e  m i  1  k  and soybean stocks a r e  modeled w i t h  the  f o l  low ing econometr ical  l y  
est imated equat ions.  The soybean s tock  equat ion w i l l  be rep laced when t h e  
model i s  updated t o  i n c o r p o r a t e  t h e  new soybean component o f  t h e  MSU A g r i c u l -  
t u r e  Model ( p a r t  of which serves as t h e  supply s i d e  of  t h e  p resen t  model).  
where 
MLKSTK = m i l k  s tocks  ( t h  MT) 
S  BST K = soybean stocks ( t h  MT) 
MI(SUPP = n i i l  k  support  p r i c e  ($/kg)  
DOMSIIP1 = m i l  k  supply (p roduc t i on  p l u s  c a r r y - i n  
s tocks )  ( t h  MT) 
GNPPC = p e r  c a p i t a  GNP ( t h  $/person)  
QSUPSU = soybean supply (p roduc t i on  p l u s  c a r r y - i n  
s tocks )  (mi MT). 
. . 
Human -Consu~nption 
A . r a t h e r  complicated, non l i nea r  f u n c t i 0 n . i ~  used t o  model the  per  c a p i t a  
consumption o f  each food commodity ( i n  pounds. per person pe r  y e a r )  i n  o rde r  
t o  e x h i b i t  a hypothesized mode o f  consumption behavior  w i t h  respect  t o  income, 
p r i c e s  and time. S p e c i f i c a l l y ,  pe r  c a p i t a  consumption PCC i s  t he  product  of 
Lhrcc funcLions rcprcsen Ling an. i n c o ~ ~ ~ e  f a c t o r ,  a  p r i c e  f a c t o r  and a  t i ~ n e  
fac tor ,  r e s p e c t i v e l y .  For  each food corr~modity i , 
(11) PCci(t) = f i(M(t), p ( t ) )  . g i ( P ( t ) )  . h i ( t )  
where M i s  c u r r e n t  nominal p e r  c a p i t a  d isposab le  income ($/person-year),  
P i s  a  v e c t o r  of nominal consumer p r i c e s  ($/pound), and t i s  t ime, and where 
and where the  consumer p r i c e  index C P I  i s  
As shown i n  F igures  2 and 3,' t he  income f a c t o r  f and i t s  parameters a  
and b have u n i t s  of p e r  c a p i t a  consumption and a r e  the  major  determinants of 
PCC, w h i l e  g  and h  serve as m u l t i p l i e r s .  The p r i c e  f a c t o r  CJ i s  nomina l ly  
u n i t y  when , - a l l  p r i c e s  a re  zero, and t h e  t ime  f a c t o r  h  i s  u n i t y  ( w i t h  a = 6 = 1 ) 
f o r  commodities w i t h  no t ime t r e n d  assumed. 
'A f i g u r e  i s  n o t  g iven f o r  t h e  t i m e  f a c t o r  h; i t  would l ook  e x a c t l y  t h e  
same as F igu re  2 ,  v i  t h  a and 13 i n  p lace  o f  a  and 8, a ~ i d  ( t - t o )  i n  p l a c e  of  
(M/CPI 1. 
Indeed, the re  a r e  o n l y  four  commodities (wheat, coarse gra ins ,  tobacco 
and m i l k )  f o r  which t ime t rends a r e  assumed t o  r e f l e c t  changes i n  per  c a p i t a  
consumption n o t  reasonably a t t r i b u t a b l e  t o  p r i c e ,  income o r  o t h e r  endogenous 
n~odel v a r i a b l e s .  For  example, a sharp d e c l i n e  i n  tobacco consun-~ption per  
c a p i t a  has been observed, beginning i n  about  1964 when t h e  f i r s t  Surgeon- 
Cencral ' s  r c p o r l  was issued on Lhe heal t h  hazards o f  c i g a r e t t e  s111oki ng. Zero 
food consunlption o f  " p r o t e i n  feeds" i s  assumed (al9 = b19 = 0) ,  a l though t h i s  
r e s t r i c t i o n  may have t o  be re laxed  i f  f ood  use of soybeans can be p r o j e c t e d  
t o  become s i g n i f i c a n t  i n  t h e  U.S. 
The asymptot ic  behavior  of fi has advantages over  a constant  income 
e l a s t i c i t y  model , p a r t i c u l a r l y  i n  l ong - run  ana lys i s  as r e a l  income increases, 
i n  t h a t  consumption w i l l  remain w i t h i n  reasonable phys ica l  and n u t r i t i o n a l  
ranges. Indeed, t h e  s e t  o f  values f o r  t h e  ais may be s p e c i f i e d  according t o  
what cou ld  be considered t o  be a r e a l i s t i c  o r  p l a u s i b l e  d i e t a r y  and n u t r i -  
t i o n a l  mix i n  t h e  1 i m i t  "as r e a l  income goes t o  i n f i n i t y . "  Note i n  F i g u r e  2 
t h a t  s e t t i n g  bi > ai i m p l i e s  an i n f e r i o r  good, w h i l e  bi < ai i n d i c a t e s  a 
1 
normal good. 
Cross-pr ice  ef fects i n  t h e  p r i c e  f a c t o r  gi, i .e . ,  t h e  impacts o f  t h e  
p r i c e  o f  commodity j on consumption o f  commodity i, a r e  r e f l e c t e d  i n  t h e  
m a t r i x  [ x .  .]. For t h e  own-price e f f e c t ,  i = j ,  xi j = l  .O, f o r  complementary 1J 
goods xij > 0, and f o r  s u b s t i t u t e  conniodit ies xij < 0. x = 0 i m p l i e s  no i j 
c ross -p r i ce  e f f e c t .  From t h i s  p o i n t  of view, a commodity i s  a pe r fec t  
comple~rient t o  i t s e l f ,  i .e . ,  one always e a t s  r i c e  w i t h  r i c e .  
Notc i n  equat ion (13) and F igu re  3 t h a t  xij i s  a p r o p o r t i o n  o f  d That 
J 
i s ,  t h e  e f f e c t  of commodity j ' s  p r i c e  on consumption o f  commodity i i s  
p ropor t i on l t l  t o  i t s  e f fec t  on own consulllpLion, i .c. , the consus~ption o f  
commodity j. The d  . represents  t h e  maximum p r o p o r t i o n a l  d e v i a t i o n  o f  J 
commodity j consumption as t h e  r e a l  p r i c e  o f  j increases w i t h o u t  l i m i t .  
Thus, d  = 1 i m p l i e s  consurr~ption goes tci  z e r o  "as . r e a l  p r i c e  goes t o  j 
i n f i n i t y , "  w h i l e  d  = 0 i n d i c a t e s  no p r i c e  response. j 
I n  o rde r  t o  m a i n t a i n  a  consuniption expend i tu re  budget c o n s t r a i n t ,  per  
c a p i t a  consuslption o f  t h e  nonagr icu l  t u r a l  colnmodi t y  PCC ( i  n  1967 $/person)  2  0 
i s  computed as a  r e s i d u a l  , where t h e  t o t a l .  budget i s  taken t o  be d isposab le  
income M, imp ly ing  savings as a  component o f  PCC2*. 
Econon~etr ic  e s t i m a t i o n  o f  t h e  parameters--ai , bi, ci , di, xij, ai, Bi, 
ui, 6 i  f o r  i and j = 1, 2, . . ., 1 &-.has n o t '  yet been attempted. preliminary 
judgemental es t imates  were made and then f u r t h e r  r e f i n e d  i n  "manual ly tun ing"  
t h e  model t o  t r a c k  PCC f o r  t h e  1970-1976 p e r i o d  us ing  a c t u a l  h i s t o r i c a l  values 
f o r  M and P over  t h a t  pe r iod .  A l though e l a s t i c i t i e s  as such a r e  n o t  used i n  
t h e  111ode1, as a  check on model performance w i t h  these parameter va lues,  
Table 3 shows e l a s t i c i t i e s  computed f r o m  t h e  p a r t i a l  d e r i v a t i v e s  o f  PCC i n  
equat ion (11) w i t h  respec t  t o  p r i c e s  and income. I n  a d d i t i o n ,  t h e  Appendix 
i nc ludes  p l o t s  comparing h i s t o r i c a l  obse rva t i ons  PCCACT w i t h  s i m u l a t i o n  r e s u l t s  
PCC us ing  t h e  parameter va lues es t ima ted  i n  t h i s  way. The f o l l o w i n g  measure 
o f  o v e r a l l  goodness o f  f i t  f o r  these r e s u l t s  
1976 PCCi ( t )  - PCCACTi ( t )  
(16)  1 20 C 1 PCCACTi ( t r  1 
t=1955 i = l  
i f 1 9  
has a  va lue  o f  22.3. For  22 years  (1955-1976) of data on each o f  19 conunodi t i e s ,  
i .e. ,  418 observa t ions ,  t h i s  i r r~p l  i e s  an average e r r o r  o f  about  5.3 percent  per  
observa t ion .  With emphasis given on turning to track the 1970 - 1976 period, 
earlier tracking f ~ r  some commodities is not too good. This is particularly 
evident for those with time trend factor (wheat, tobacco and milk). 
Pr i ces  
P r i ces  a re  the  major  feedback from the  simultaneous n a t i o n a l - i n t e r n a t i o n a l  
exchange system t o  t h e  n a t i o n a l  model. Domestic consumer p r i c e s  a re  de te r -  
mined based on w o r l d  p r i c e s  and nat.iona1 p r i c e  p o l i c i e s .  A " t a r g e t "  ( o r  
"des i red"  o r  "normal") p r i c e  f o r  each commodity POi  i s  de f i ned  t o  be propor- 
t i o n a l  t o  the  r e t a i l - l e v e l  wor ld  p r i c e  PWD.. 
1 
(17) POi = DPDi PWDi 
where DPD can be i n t e r p r e t e d  t o  embody n o t  o n l y  t a r i f f  p o l i c i e s ,  f o r  instance,  
bu t  a l s o  q u a l i t y  and o t h e r  d i f f e r e n c e s  between t h e  domestic commodity and t h e  
wor ld  commodity, t r a n s p o r t a t i o n  cos ts ,  e t c .  The r e t a i l - l e v e l  w o r l d  p r i c e  
PWDi i s  def ined as the  wor ld  p r i c e  PWi p l u s  a  domestic market ing/processing 
margin PRMi rep resen t ing  a  q u a n t i t y  o f  t h e  n o n a g r i c u l t u r a l  good (commodity n  ) 
t imes t h e  p r i c e  of t h a t  good. PRMi i s  a l s o  used as the  margin between 
domestic farm and consumer p r i c e s .  
(18) PWDi = PWi + PRMi PWn 
The p r i c e  PDi w i  11 be t h e  equi 1  i b r i u m  p r i c e  Pi un less  a  s p e c i f i e d  
minimum QEXi o r  maximum QIMi demand c o n s t r a i n t  i s  e f f e c t i v e ,  where these 
can be i n t e r p r e t e d  as expor t  and impor t  quotas, r e s p e c t i v e l y .  I f  one of these 
c o n s t r a i n t s  i s  e f f e c t i v e ,  t h e  e q u i l i b r i u m  p r i c e  Pi w i l l  be below o r  above PDi, 
respec t i ve l y - -un less  b u f f e r  s tock  behavior  i s  modeled. I n  t h a t  case (as f o r  
wheat, coarse g ra ins ,  m i l k  and p r o t e i n  feeds dfscussed above), e q u i l i b r i u m  
ca r ry -ou t  s tocks w i l l  d e v i a t e  above o r  below a  t a r g e t  l e v e l ,  r e s p e c t i v e l y ,  
where t h e  t a r g e t  s tocks a re  those determined i n  equations ( 5 ) ,  ( 9 )  and (10)  
above. Maximum and minimum stocks are  a l s o  spec i f ied ,  and i f  t h e  s t o c k  
adjustment i s  such as t o  make a  s tock  c o n s t r a i n t  e f f e c t i v e ,  then Pi w i l l  
d e v i a t e  from POi. 
These prices are a t  the 10-commodity international aggregation a n d  must 
be disaggregated t o  the U.S. model ' s  20-commodi ty utilization level for 
consumer prices and the 30-commodity supply level for farm prices (see 
. 
Tab1 e 1 ). The 10-commodi ty aggregate prices Pi are related t o  the 20-cornnodi ty 
consumer prices CPk by 
for i = 1 ,  2 ,  . . . , 10 and where the summation i s  over commodities k 
belonging to aggregate i .  In (!9), w k  i s  the consumer price index weight 
of equation (1  5 ) ,  and  uk i s  a unit conversion factor, e. g .  , t h .  MT of carcass 
weight to the th.MT of protein equivalent (see Table 1 ) .  
For commodities with a one-to-one correspondence, i .e . ,  wheat, r ice,  
coarse grains, lt~i 1 k and nonaqricul ture, the consunler prices are simply 
( 2 0 )  CPk = nk Pi  
For the other colrmodities, the CPk are determined from econometrically 
estimated equations, generally as functions o f  per capita income, per capita 
supply, and other prices. Each CPk in a group i i s  then ratioed, given P i ,  
so (19) holds. 
Producer prices PPk at the 20-can~~lodi ty level are determined from 
consumer prices and  an assumed farmer share ak 
where a k  i s  a unit conversion, e.g., from $/pound for consun~er prices t o  
$/bushel Tor Par111 prices. The lnarkeLing/processing margins PRMi used in (18) 
are colt~pu l e d  fro111 Lhe farllrer shares a by k 
where, again, the summation i s  over commodities k in group i .  
The 20-commodi ty producer p r ices  a r e  then di saggregated t o  the  30-commodi ty  
l eve l .  For example, i t  i s  assunled t h a t  PP3 f o r  coarse g ra ins  represents the 
corn pr ice .  The farm pr ices  of bar ley,  o a t s  and sorghum a r e  then re la ted  t o  
t ha t  of corn by equations of the type 
Appendi x  
The f o l l o w i n g  cha r t s  i n c l u d e  p l o t s  
es t imated per  c a p i t a  consumption over  t h e  years  1955-1976 us ing  t h e  pre-  
1iminar.y da ta  d e r i v e d  as descr ibed i n  t h e  t e x t .  The sum o f  abso lu te  values 
o f  proport. iona1 e r r o r s  ove r  a1 1  41 8 observa t i ons  (1 9 commodities and 22 years )  
i s  22.3, o r  ;ln average o f  about. 5.3 percen t  per  observa t ion .  The 1  as t two 
columns i n  t h e  t a b l e  of each c h a r t  compare the  year - to -year  percentage change 
i n  t h e  two se r ies ,  where t h e  same s i g n  i n  t h e  two columns means t h e  est imated 
( i n d i c a t e d  by *)  and t h e  a c t u a l  ( i n d i c a t e d  by +) change i n  t h e  same d i r e c t i o n .  
I n  t h e  p l o t s ,  t h e  a c t u a l  s e r i e s  i s  i n d i c a t e d  by and t h e  es t imated by 
+. 
Actual ( -  1 and estimated (8-) values for 1 -WHEAT 
Actual ( - 1 and estimated (8-) values for 2 - RICE 
Actual ( - ) and estimated (+) values for 3 - COARSE GRAIN 
Actual ( - ) and estimated ( 8 - 1  values for 4 - POTATOES 
Actual ( - ) and estimated (8-) values for 5 - VEGETABLES 
Actual ( - ) and estimated (++) values for 6 - BEANS 
Actual ( - 1 and estimated (4%) values for 7 - FRUIT 
Actual ( - 1 and estimated ( 8 . 1  values for 8 - TOBACCO 
- Actual ( - ) and estimated (8-) values for 9 - FATS/OILS 
- - .- Actual ( - ) and estimated (8.) values for 10 - SUGAR 
Actual ( - ) and estimated (8) values for 11 - COFFEE i 
Actual ( - ) and estimated ) values for 12 - BEEF 
- Actual ( - 1 and estimated 1 values for 13 - SHEEP 
-. Actual ( - ) and estimated (-4) values for 14. - PORK 
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3 9 . 1  - 
- - 
- - 
3 6 . 7 .  - - - 
. . * - o - . - * - . - . -  ,-,-.-.-.-.-.-.-.-.-.-.-.-.-.-a-.-.-. 
33 $7 5 61  b 3  o 3  66 L 1 1  I S  / 5  
Actual ( - ) and estimated (8) values fo r  15  - POULTRY 
- Actual ( -  ) and estimated ( % I  values for 16 -EGGS 
1 
- .-.-.-.-.-.-.-.-*-.-..-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
35 S t  5 3  61 65 6Y B ?  6 Y  / I IJ 6-5 I 
- Actual ( - ) and estimated (+) values f o r  17 - MILK 
~ o t u a l  ( -  ) and estimated i+) v a l u e s  f o r  l 8 - F I S H  
-- , Actual ( - ) and estimated (8-) values for 19 - OTHER - 
